Alcoholic liver disease (ALD) develops as a consequence of priming and sensitizing mechanisms rendered by cross-interactions of primary mechanistic factors and secondary risk factors. Liver damage due to consumption of alcohol may be caused by oxygen radicals such as superoxide and hydroxyl radicals, generated during the metabolism of ethanol by the microsomal oxidizing system. Lecithin, an important class of phospholipids contains choline, which is considered as lipotropic factor. The effects of this lecithin as a hepatoprotective drug on body weight and antioxidant status of ethanol-exposed rats were studied. The results were compared with the effects of tocopheryl acetate. From the present study, it can be concluded that ethanol-induced stress can be partly prevented by tocopheryl acetate, and showed best result. Abstination from alcohol also involved for little hepatic regeneration. Supplementation of lecithin showed better effect compared to abstination from alcohol on reversing the effect of ethanol induced liver damage in the present study. Moreover, preventive measures were found to be better than curative treatment. Antioxidants are likely to provide beneficial effects on hepatocyes via desensitization against oxidant stress while inhibiting primary mechanism for expression of proinflammatory and cytotoxic mediators. However, abstinence from alcohol, proper nutrition, and supplementation of antioxidants, vitamins and hepatoprotective drugs are some of the therapeutic options.
INTRODUCTION
Alcoholic liver disease (ALD) develops as a consequence of priming and sensitizing mechanisms rendered by cross-interactions of primary mechanistic factors and secondary risk factors. This concept, albeit not novel, is becoming widely accepted by the field, and more research is directed toward identifying and characterizing the interfaces of the cross interactions to help understand individual predisposition to the disease. Glutathione depletion is considered the most important sensitizing mechanism. One of the contributing factors is decreased methionine metabolism. But the key question is how altered methionine metabolism contributes to the pathogenesis of ALD? (1) .
The liver plays a central role in methionine metabolism, as half of the daily methionine is catabolized here (Fig.1) . The first step in methionine metabolism is the formation of S-adenosylmethionine (SAM) catalyzed by methionine adenosyltransferase (MAT) (2, 3) . Under normal conditions, most of the 6-8 gm of SAM generated per day is used in transmethylation reaction in which methyl groups are added to compounds and SAM is converted to S-adenosylhomocysteine (SAH) (3, 4) . SAH is a potent competitive inhibitor of transmethylation reactions (3, 5) . The reaction that converts SAH to homocysteine and adenosine is reversible and catalyzed by SAH hydrolase (2, 3) . In vivo, the reaction proceeds in the direction of hydrolysis only if the products, adenosine and homcysteine, are rapidly removed (2, 3, 5) .
There are three pathways that metabolize homocysteine. One is the trans-sulfuration pathway, which converts homocysteine to cysteine. This is a unique pathway present only in the liver and lens (6) that condenses homocysteine with serine to form cystathionine in a reaction catalyzed by cystathionine b-synthase (CBS) (4, 6) . Cleavage of cystathionine, catalyzed by another enzyme, g-cystathionase, then release free cysteine, the rate-limiting precursor for GSH synthesis (6) . The other two pathways Methionine adenosyltransferase (MAT) catalyzes the synthesis of SAM for methionine and adenosine triphosphate; SAM is then converted to S-adenosylhomocysteine (SAH) as the methyl group is transferred. SAH hydrolase catalyzes the reversible hydrolysis of SAH to yield homocysteine and adenosine. Homocysteine in the liver can undergo three metabolic pathways, two of which regenerate methionine from homocysteine, the third is the transsulfuration pathway, which converts homocysteine to cysteine. In the transsulfuration pathway, cystathionine b-synthase catalyzes the formation of cystathionine. Both enzymes require normal levels of vitamin B6 as cofactor. Cysteine is the rate limiting precursor for GSH synthesis as glutamate cysteine ligase (GCL), the rate-limiting enzyme in GSH synthesis, catalyzes the formation of g-glutamylcysteine from cysteine and glutamate, and GSH synthetase catalyzes the formation of GSH from -glutamylcysteine and glycine. Methionine synthase regenerates methionine from homocysteine in a reaction that requires normal levels of folate and vitamin B12, and betaine homocysteine methyl transferase regenerates methionine from homocysteine that requires betaine.
resynthesize methionine from homocysteine (2, 4) ( Fig. 1 ).
Ethanol feeding induced alterations in mitochondrial membrane phospholipid and fatty acid composition with resulting impairment in GSH uptake. Phospholipid methylation is required for maintenance of normal membrane fluidity and function (7) . Reduced SAM level as a result of abnormalities in the methionine metabolism can affect mitochondrial GSH transport and sensitize the cell to oxidative stress-induced injury by this mechanism. Depletion of SAM may also lead to hypomethyation of phosphaidyl ethanolamine and a consequent reduction in the hepatic level of phosphatidyl choline (8) . It is believed that the protective effect of SAM is via increased GSH level, changing in DNA-methylation status and inhibiting TNF release by macrophages. But, controversy has surrounded whether SAM can be taken up by hepatocytes (4) . In the present study efficacy of lecithin to treat ethanol induced oxidative stress was compared with the effect of tocopheryl acetate (vitamin E) as well as capacity of hepatic regeneration during abstination.
MATERIALS AND METHODS

Materials
Chemicals
Ethanol was purchased from Bengal Chemicals, Kolkata. Fine chemicals were purchased from Sisco Research Laboratory (SRL), India; and Sigma Chemical Co., St. Louis, USA; and analytical grade chemicals from E.Merck or SRL.
Animal Selection
16-18 week-old male albino rats of Wistar strain weighing 200-220g were used. The animals were housed in plastic cages inside a well-ventilated room. The room temperature was maintained at 25±2°C with a 12-h light/dark cycle. All rats had free access of standard diet (9) ; with modification containing 31% Bengal gram, 30% gingelly oil cake, 28% wheat, 10% polished rice, 0.5% salt mixture, 0.3% vitamin-mineral mixture, 0.2% yeast with fish or liver oil. Food and water were given ad libitum. The animals were weighed daily and their general condition and behavior were recorded including their daily intake of liquid.
The rats were divided into the following groups each containing 6 rats.
Group I: Control rats-which were fed normal diet and water.
Group II: Ethanol treated rats (1.6g ethanol/ kg body weight/ day for 4 weeks)
Group III: tocopheryl acetate +Ethanol treated rats (1.6g ethanol and 80mg tocopheryl acetate / kg body weight/ day for 4 weeks) Group IV: Ethanol followed by tocopheryl acetate treated rats (1.6g ethanol/kg body wt/ day for 4 wks, followed by 80mg tocopheryl acetate / kg body weight/ day for 4 wks)
Group V: Lecithin +Ethanol treated rats (1.6g ethanol and 500mg lecithin / kg body weight/ day for 4 weeks) Group VI: Ethanol followed by lecithin treated rats (1.6g ethanol/kg body weight/ day for 4 weeks and followed by 500mg lecithin / kg body weight/ day for 4 wks)
Group VII: Ethanol treatment (1.6g ethanol/ kg body weight/ day) for 4 weeks and followed by 4 weeks abstination.
Tocopheryl acetate was suspended in distilled water; and lecithin was freshly dissolved in distilled water during treatment. Ethanol was diluted with distilled water to get desired concentration and fed orally.
Methods
Experimental Procedure
At the end of the experimental period, the animals were sacrificed by cervical dislocation. The liver was dissected out and cleaned with ice-cold saline, blotted dry, and immediately transferred to the ice chamber.
Various oxidative stress related parameters were estimated. The Animal Ethics Committee of the Institution approved the procedures.
Biochemical Methods
Liver was homogenized in 0.25 M sucrose solution, diluted with 0.9% saline, and these diluted samples were used for the estimation of tissue protein by the method of Lowry et al. (10) . Ascorbic acid content was estimated using thiourea reagent and 2,4-dinitrophenylhydrazine (11) . Lipid peroxidation was estimated using Trichloroacetic acid (TCA)-Thiobarbituric acid (TBA)-Hydrochloric acid (HCl) at 535 nm (12) . The reduced glutathione (GSH) content of the tissue in 0.1M phosphate buffer (pH 7.4) was measured following the method of Ellman (13) using DTNB reagent [5,5'-dithiobis (2-nitrobenzoic acid)]. Catalase (EC 1.11.1.6) activity was determined based on the method as described by Beers and Sizer (14) with necessary modification. The tissues were homogenized in 0.05M phosphate buffered saline (pH 7.0). The rate of decomposition of H 2 O 2 (2 ml, 30%) in 0.05 M-phosphate buffer (1 ml, pH 7.0) at 240nm after addition of homogenized tissue was noted. The specific activity was calculated assuming Enax 40 M -1 cm -1 for H 2 O 2 at 240 nm (15) . Glutathione reductase (GR, EC 1.6.4.2) activity was determined at 340 nm by the method of Goldberg and Spooner (16) . The tissue was homogenized using 0.05 M phosphate buffer of pH 6.5. Glutathione S-transferase (GST; EC 2.5.1.18) activity was measured using 1-chloro-2,4-dinitrobenzene (CDNB) (17) . Glutathione peroxidase (GPx, EC 1.11.1.9) activity was measured as described by Paglia and Valentine (18) . The superoxide dismutase (EC 1.15.1.1) activity was measured by the inhibition of auto oxidation of pyrogallol at 420 nm (19) .
Results were expressed as mean±SEM (standard error). Statistical significance was determined by Student's 't' test for unpaired data. The values of significance were evaluated with 'p' values. The differences were considered significant at p<0.05.
RESULT
Preventive and curative effect effect of tocopheryl acetate and lecithin on percentage change in body weight of animals during the experiment in relation to its initial weight are presented in Figure 2 . When rats were simultaneously exposed with ethanol and tocopheryl acetate or lecithin 39%, and 32.4% increase in body weight were found respectively. After ethanol treatment for 4 weeks, in the follow up treatment with tocopheryl acetate or lecithin for another 4 weeks, 34% and 29.5% increase in body weight were found, while abstination showed 24.5% increase in body weight. The relative weights (g/ 100g body weight) of liver of different treatments are presented in Figure 3 . No significant change was observed in liver weight. Table 1 is showing the levels of ascorbic acid, thiobarbituric acid reactive substances (TBARS) and reduced glutathione (GSH) content in liver homgenate. No significant change was observed in ascorbic acid content. The level of lipid peroxidation in liver of all the tested groups was significantly higher than the control group. TBARS level was reduced by 20.6%, and 14.4% respectively during curative treatment with tocopheryl acetate and lecithin; while under preventive treatment by 21.9% and 15.5% respectively in comparison to ethanol fed groups. During abstination reduction in TBARS level was 8.8%. The GSH content of liver homogenates of different groups were found to be significantly lower than the control group. GSH level was raised by 62.9% and 46.3% respectively during preventive treatment with tocopheryl acetate and lecithin when compared with ethanol fed rats. Same trend of response was observed in curative treatment; but preventive treatment showed better result than curative treatment.
The catalase activities of liver homogenates of lecithin and tocopheryl acetate treated groups groups were lower when compared with the control group ( Table  2 ) and higher when compared with the ethanol treated group. On the other hand, the superoxide dismutase activities of liver of different groups were found to be higher than the activity observed in the control group. On the contrary, the liver superoxide dismutase activities of the treated groups were found to be lower than ethanol treated group. to be significantly lower in comparison to the enzyme activities of control group, and higher in comparison to ethanol treated group (Table 3) . GR level was increased by 57.5% and 39.1% respectively during curative treatment with α-tocopherol and lecithin; in comparison to ethanol fed groups. During abstination increase in glutathione reductase level was 27% in comparison to ethanol fed groups. GPx level was raised by 36.9% and 27.4% respectively during preventive treatment with α-tocopherol and lecithin when compared with ethanol fed rats. Liver glutathione S-transferase activities of all the tested groups were found to be significantly higher than that of control group and lower than ethanol treated group. GST level was reduced by 37.9% and 30.9% respectively during curative treatment with α-tocopherol and lecithin; whereas under preventive treatment this level was reduced by 41.8% and 33.4% in comparison to ethanol fed groups. During abstination reduction in GST level was 19%. However tocopheryl acetate and lecithin treated groups showed significantly lower value in comparison to the abstination group.
DISCUSSION
The intragastric ethanol infusion technique allowed maximal ethanol consumption and absolute control over ethanol-induced liver injury. In the present study, a dose of 1.6 g ethanol/ kg body weight/ day for 4 weeks was used to induce maximum liver damage which can be reversed as observed by our previous study (20) . Rats which were consuming high amount of alcohol showed a lower increase in body weight due essentially to fat mass reduction. Reduced adipose tissue may be the foremost cause of lower body weight (20) . It is well known that animals with ALD exhibit impaired liver regeneration (21) . In the present study, the regenerative capacity was observed by administering ethanol (1.6 g/ kg body weight/ day) for 4 weeks, followed by abstination from alcohol for next 4 weeks. This group also acted as one of the control group. Tocopheryl acetate and lecithin exhibited an ability to counteract the alcohol-induced changes in the body weight and biochemical parameters in preventive and curative aspects in varying degree.
One of the proposed mechanisms of ethanol inducedtoxicity is the membrane damage due to the direct effect of lipid peroxidation products (20) , i.e., TBARS, which was found to be increased in the etanolic rats in the present study. Tocopheryl acetate and lecithin reversed this level significantly. These suggest that these treatments offered some protection against lipid peroxidation. The tissue ascorbic acid concentration reflects oxidative stress in hepatocytes.
GSH has been postulated to be an important pathogenic factor in alcoholic liver injury. The fall in hepatic GSH sensitizes the liver to oxidative injury and sets up a vicious cycle. Chronic ingestion of ethanol resulted in a significant depletion of glutathione (GSH) content in liver (22) . Raised levels of GSH have been reported to elicit a protective response against the toxic manifestations of chemicals, particularly those involving oxidative stress. Explanations of the possible mechanisms underlying the hepatoprotective properties of drugs include the prevention of GSH depletion (23) and destruction of free radicals (24) .
The presence of superoxide dismutase (SOD) in various compartments of our body enables SOD to dismutate superoxide radicals immediately (20) . In the present work, superoxide dismutase activities increased on ethanol exposure, and reduced significantly due to different treatment including abstination from alcohol. Catalase activity was decreased in higher concentration of ethanol exposure might be due to loss of NADPH, or generation of superoxide, or increased activity of lipid peroxidation or combination of all (20) . Different treatment increased its activity in the present study.
Glutathione reductase (GR) is concerned with the maintenance of cellular level of GSH by effecting fast reduction of oxidised glutathione to reduced form (20, 25) . Chronic ingestion of ethanol resulted in a significant decrease in glutathione peroxidase (GPx) activity in liver may be due to either free radical dependent inactivation of enzyme or depletion of its co-substrates i.e. GSH and NADPH in ethanol treated rats (20, 26) . Glutathione s-transferase (GST) plays an essential role in liver by eliminating toxic compounds by conjugating them with glutathione. Increased glutathione s-transferase activity and decreased glutathione reductase activity, followed by thiol depletion, are important factors sustaining a pathogenic role for oxidative stress (20, 27) . Supplementation of tocopheryl acetate or lecithin either as therapeutic or prophylactic treatment in ethanol induced liver damage could partly reverse these enzyme levels in the present study.
From the present study it can be concluded that ethanol-induced stress can be partly prevented by tocopheryl acetate (vitamin E) supplementation. It is generally believed that α-tocopherol intercalates into the lipid bilayers of cell membranes and acts there directly to scavange free radicals. Hydroxyl radical attack on tocopherol forms a stabilized phenolic radical that is reduced back to the phenol by ascorbate and NADH/NADPH reductase enzyme (28) . Vitamin E may largely modulate the expression of the toxicity by GSH depleting agents (29) .
Supplmentation of lecithin also showed a little better effect than abstination on reversing the effect of alcohol induced liver disease in the present study. In one study, Lieber et al. (30) reported that choline supplementation failed to prevent alcohol-induced steatosis and fibrosis; while choline supplementation exerts moderate hepatotoxicity. However, in another study, Lieber et al. (31) concluded that some component of lecithin exerts a protective action against the fibrogenic effects of ethanol. In fact hepatic methionine level is dependent on the stage of liver injury in rats fed ethanol intragastrically. From the present study we conclude that the amount of lecithin (500 mg lecithin / kg body weight/ day for 4 weeks) used here was not sufficient, or some essential contributing factor was necessary, for reversing the oxidative stress mediated effect.
The hepatic regeneration as studied by change in body weight and biochemical parameters clearly indicated that different treatment showed different degree of activity. These activities were observed both in prophylactic and therapeutic treatment. However, preventive measures were better effective than curative treatment. From the present study, it can be concluded that tocopheryl acetate showed best result, followed by lecithin in the management of alcoholic liver disease. Abstination from alcohol improved hepatic regeneration. Our future study will focus on the determination of optimum dose and other contributing factors are associated with lecithin activity.
